This is a Library Circulating Copy which may be borrowed for two weeks. to (c 2 ), together with a transformation matrix to connect the frame used to calculate the crossing matrix from (d) to (c l ) and the frame used to calculate the crossing matrix from (c l ) to (c 2 ). For
Capella's method the transformation matrix will be very complicated and has not been worked out in his paper. If we calculate the two crossing matrices in the same frame, then we don't need to perform the transformation. But for one of the two sub-crossing matrices, the
simplicity of Capella's result will disappear and it must be calculated independently. Of course, since Capella's.definition of helicity states is not the conventional one, the crossing matrix from Capella's method
and that from the conventional definition of helicity states not only differ inform but also have a different physical interpretation. In this paper we consider the crossing matrix of the conventional helicity amplitudes for a 2-to-N process, and obtain a result from which we can easily write down two or more successive crossings.
In Section II, we start from the analytic properties and the crossing relation of the spinor amplitudes (M functiod,8) for a 2-to-3 process, and then derive the crossing matrix. The method to calculate the crossing matrix is discussed and the process with two successive crossings is also considered. The results are then generalizable to a 2-to-N process. In Section III, the explicit e}~ressions for the crossing angles and the transformation matrix due to change of the choice of x-z plane are worked out for a 2-to-3 process. They are easily generalized to a 2-to-N process. In Section IV, some applications of the crossing matrix are discussed. We define the c.m. frame of channel such that the incoming particles a and b move along the z axis and the crossed particle 1 is in the x-z plane with a positive x component of its momentum. Later on we will show that a different choice of the x-z plane will result in a difference of the phase factor. The "invariant variables are defined as 2 2 The cross channel a
+ sab is called the t.
channel. la
We shall calculate the crossing matrix between sab and t la channels.
The crossing matrices between any other two channels can be obtained where E == i0 2 is the Pauli matrix), and the boost.
uniquely defined through the equation
,
We now continue Eq. (6) from the physical region of the t la channel to that of the sab channel along the path stated in the assumptions.
The discussion of the analytic properties of the amplitudes under the continuation in CMJ.IJ's paper 3 is also applicable to a 2-to-3 process. in the barred and unbarred sets of four momenta, respectively. From
Eqs. (4), (5), (6) , and (7) we have 
is a standard tetrad and
,g m n det 
.. (14) This is the essential reason why we define T]2(i) and 1i 2 (i) in Eqs. ',('0 and (9) different from Capella's definition. We note that in the above discussion we choose the x-z plane in channel as the plane specified by the particles a, b, and 1. If we choose the x-z planes as the plane specified by the particles a, b, and 2 in the sab channel and the plane of a, 1, and 2 in the t la channel, then we only need 'to change the definition of T]2(i) (i=a,b) and Ti 2 (i) (i = a,l) to
'-.
The difference of the crossing matrices for two different scattering planes will be calculated in the next section ej~licitly. The result -i¢J is such that we add a phase factor e 3 only to the particles Thus we assume ~. 
;}'*. The crossing matrix may have an overall phase factor which may be the 2s. product of some factors like (-1) 1 We do not specify it since i t cannot be measured experimentally.
If we choose the x-z planes to be the plane defined by the particles a, b, and 2 in the sab channel and that specified by the variables, we can see that cos ¢2 = (<4>3 -<4> 2 -<I>~/2(<I>1<I>3)2 Therefore we have cos ~b = cos ¢2' Similarly cos ~l = cos 0 b
We also obtain cos ~l' These results verify the statement about the transformation matrix in the preceding section.
In the 2-to-N case we have the same formula for crossing phase angle will alter the cross section drastically. Following a similar line of argument, we can write down the formula for the differential cross section with polarization measurements of more than one final state particle.
One of the applications of the crossing matrix is to investigate the kinematical singularities and the kinematical constraints for a 2-to-N process, but we will not discuss this matter further here.
Another application is to express the asymptotic behavior of the channel c.m. helicity amplitudes in terms of t la channel
Regge'poles for external particles with spin. For example, the sab channel c.m. helicity amplitude corresponding to the process shown in Fig. 2(a) can be obtained by crossing the t la channel amplitude shown in Fig. 2(b) , which has the form 13 ,14 . will only give an overall phase factor which does not change the measurable quantities. Therefore, we shall not calculate them. We restrict ourselves to the cases when s12s23/sab goes to a constant as sab goes to infinity, since in this region the Regge po~es dominate significantly.
(Case 1)
2)CJ~ sin ~3 ~ 0 .
(Case 2) sab ~ 00, s12 ~ Bs ab , s23 fixed:
2.
3·
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